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In LiNi02, the Ni^^ ions, with S=l/2 and twofold orbital degeneracy, are arranged on a trian- 
gular lattice. Using muon spin relaxation (/iSR) and electron spin resonance (ESR), we show that 
magnesium doping does not stabilize any magnetic or orbital order, despite the absence of interplane 
Ni^+. A disordered, slowly fluctuating state develops below 12 K. In addition, we find that magnons 
are excited on the time scale of the ESR experiment. At the same time, a g factor anisotropy is 



observed, in agreement with \3z 



orbital occupancy. 



PACS numbers: 76.75.+i, 75.50.Ee, 76.30.Fc, 76.50. 
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I. INTRODUCTION 



Orbital physics in oxides has attracted considerable in- 
terest thanks to the discovery of high-temperature super- 
conductivity in cuprates and colossal magnetoresistance 
in manganitesi. These macroscopic properties are based 
on strong correlations between charge, orbital and mag- 
netic degrees of freedom. In this context, numerous stud- 
ies have been performed on the orbital and magnetic or- 
ders in the isostructural and notionally isoelectronic com- 
pounds LiNiOjT''^'^, NaNiOjT'i^i^i^i^ii^ and more recently 
AgNi02^->^>^. These compounds offer the possibility 
of studying a triangular lattice of Ni^+ ions with spin 
S — 1/2 and twofold orbital degeneracy (cg orbitals). In 
NaNi02 and AgNi02, it has been possible to characterize 
both the orbital and magnetic ground states. However 
in LiNi02, these remain a matter of debate. 

The octahedral oxygen crystal field at the Ni^+ ions 
lowers the original spherical SO (3) symmetry of the 
Coulomb field and lifts partially the orbital degeneracy, 
leaving the three fold t2g orbitals lower in energy than 
the eg orbital doublet. In NaNi02, the Jahn- Teller (JT)- 
effect further lifts the orbital degeneracy, giving rise to 
a ferro orbital ordering of the |3z^ — r^) orbitals^. In 
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AgNi02, charge transfer occurs Se^ 
an associated charge orderingiSiii. this process removes 
the orbital degeneracy. In LiNi02, there is no experimen- 
tal evidence for long-range orbital ordering. Evidence for 
a dynamic JT-effect^^ has been reported while an EX- 
AFS stud}^ at room temperature concluded rather that 
|3z^ — r^) orbitals are occupied. More recently, this or- 
bital occupancy with no long range orbital order has been 
confirmed by a neutron diffraction study'^. 

Magnetic ordering is affected by orbital ordering. In 
NaNi02, a long range antiferromagnetic order is observed 
below 20 K^ili8 ,i5ii6 although the proposed A type mag- 



netic structure (ferromagnetic layers ordered antiferro- 
magnetically) cannot account for all the observed mag- 
netic excitations^. AgNi02 shows a more complex an- 
tiferromagnetic order-iSiiiiJ^, due to different charges on 
the nickel ions: the Ni^+ (5 — 1) sublattice is arranged in 
ferromagnetic rows ordered antiferromagnetically while 
the two other nickel sites carry a small magnetic moment 
(< 0.1/iB). Surprisingly, no long range magnetic order is 
present in LiNi02. The magnetic ground state has var- 
iously been described as a frustrated antiferromagnet— , 
a spin glass^- and a disordered quantum state^^. 

It must be emphasized that, contrary to NaNi02 and 
AgNi02, LiNi02 is never stoichiometric and this may af- 
fect the magnetic ground state: Nunez-Regueiro et al:M 
have shown that the presence of extra Ni^+ ions in the 
Li layers induces a ferromagnetic coupling between the 
triangular planes which competes with the main antifer- 
romagnetic coupling leading to magnetic frustration. It 
may also affect the orbital order since it generates also 
JT-inactive Ni^+ ions in the Ni^+ layers2i. So how would 
a pure LiNi02 sample behave? To address this issue, 
we have investigated magnesium doped LiNi02, that is 
LiMgj:Nii_a;02. Doping with magnesium is expected to 
stabilize the lithium ions on their crystallographic sites 
and thus to prevent insertion of nickel ions in lithium 
layers^^. In this paper, we discuss muon spin relaxation 
(/iSR) and electron spin resonance (ESR) measurements 
performed to investigate the magnetic and orbital order 
of magnesium-doped LiNi02. A comparison with quasi 
stoichiometric LiNi02 is presented. 



II. SAMPLE CHARACTERIZATION 

Powder samples were synthetized using the procedure 
described by Pouillerie et al^ for LiMg2;Nii_a;02 and 
by Bianchi et alM for LiNi02. X-ray diffraction pat- 



TABLE I: Room temperature crystallographic parameters of 
the R3m structure and magnetic parameters of the Curie- 
Weiss law for quasi-stoichiometric and Mg-doped LiNi02. 
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terns were collected using a Siemens 5000 diffractometer. 
Structural refinement using the Rietveld method was per- 
formed with the FuUprof program. All the samples crys- 
tallize in a rhombohedral structure (space group R3m) 
with Ni'^+ ions occupying the 36 (0 1/2) site and Li+ 
ions the 3a (0 0) site. The crystal structure can be 
imagined as an alternating stacking of lithium and nickel 
slabs^ with edge-sharing oxygen octahedra. Nickel ions 
are arranged on a triangular lattice. Oxygen ions form 
an octahedron around nickel sites which is responsible for 
lifting the orbital degeneracy via the crystal field. The 
Rietveld refinements confirm that the samples are defi- 
cient in lithium. In LiNi02, Ni^+ replaces Li+— . In 
LiMg2.Nii_a,02, the detailed study by Pouillerie et aJ^ 
has shown that, for x > 0.2, only Mg^+ replaces Li+. 
This is in agreement with our X ray data as well as our 
magnetic susceptibility data (see below). The resultant 
non stoichiometry in the Ni layers has been described in 
ref.-^^ and-^^. 
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FIG. 1: (Color online) Magnetic properties normalized per Ni 
ion for quasi-stoichiometric LiNi02 and LiMga:Nii_2,02 with 
x=0.02, 0.05 and 0.10 . (a) Inverse of the susceptibility at IT 
as a function of temperature, (b) Magnetization at 4K as a 
function of magnetic field. 



Structural and magnetic properties of the samples 
studied are presented in Table |T1 Magnetic susceptibil- 



ity measurements x(^) were performed in a IT mag- 
netic field in the temperature range 4K - 300K (Fig- 
ure [TJa)). All samples present a Curie- Weiss behavior 
x{T) = C/{T—9cw) at high temperature with 0n > re- 
vealing dominant ferromagnetic interactions (see table[l|. 
The effective magnetic moment deduced from the slope 
C remains close to 2.0mb per Ni ion. The Curie- Weiss 
temperature ^cw in Lii-2;Nii+a;02 is a linear function 
of the off-stoichiometry^^: it extrapolates to 0cw=+24K 
for x—0 and can be used to determine x: a;=0.01 in our 
sample. For the magnesium doped samples, the Curie- 
Weiss temperature is scarcely affected by the number of 
Mg ions. It is also quite close to the value expected for 
pure LiNi02 and reduced compared to our LiNi02. This 
is a confirmation that the additional ferromagnetic in- 
teraction present in non-stoichiometric LiNi02 is absent 
in magnesium doped LiNi02. This makes these sam- 
ples particularly interesting to determine the orbital and 
magnetic ground states of pure LiNi02. 

Magnetization measurements were performed at 4.2 K 
in magnetic fields up to 23 T (Figure [U^b)). Here also 
a common behavior for all the samples is observed: a 
smooth increase of the magnetization and absence of sat- 
uration as in a spin glass. This is the same behavior as 
in quasi stoichiometric LiNi02. In the following, we will 
present mSR and ESR results obtained on 5 % Mg doped 
sample with those on quasi stoichiometric LiNi02. 



III. mSR results 

Our muon-spin relaxation (/iSR) experiments^ were 
carried out using the GPS instrument at the Paul Scher- 
rer Institute (PSI), Villigen, Switzerland. Spin-polarized 
positive muons (/i^, mean lifetime 2.2 /xs, momentum 
29 MeV/c, gyromagnetic ratio 7;,/27r = 135.5 MHz T^^) 
were implanted into the bulk of our polycrystalline sam- 
ples. Dipole field calculations carried out for the struc- 
turally similar compound NaNi02 suggest that the muon 
stopping sites are near the oxygen ions that form the oc- 
tahedra around the Ni^+ ions-^. The muons stop quickly 
in the samples (within ~ 1 ns) without significant loss 
of spin polarization, and their average spin polarization 
is measured as a function of time using the asymmetry, 
A{t), of positrons emitted by muons decaying within the 
sample. 

The measured positron asymmetry, A{t), was cor- 
rected for the non-relaxing background signal resulting 
from muons stopping in the cryostat and sample holder 
and normalized to unity. The corrected asymmetry, 
Pz{t), is plotted in Fig. [2] for both compounds. It is 
clear that in both samples there is no spin precession of 
the implanted muons, which would give rise to coher- 
ent oscillations in the asymmetry spectra. Together with 
the fact that the high and low temperature spectra relax 
to the same background asymmetry, this is strong evi- 
dence for a lack of long range magnetic order in either 
sample, as already suggested by the magnetization data 



(Fig. [T]). The form of Pz{t) is sensitive to spin fluctu- 
ations on timescales between approximately 10"^^ and 
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FIG. 2: (Color online) Corrected asymmetry [Pz{t)] data at 
high and low temperature for: (a) LiNi02 with fits to Eq. [l] 
using the parameters shown in Fig. |3] and (b) 5 % Mg-doped 
sample with fits to Eq.[2]using the parameters shown in Fig.|4] 
For clarity of display the histogram binning has been altered 
and the data sets have been normalized with a temperature 
independent background subtracted. 

Examining the data plotted in Figure [51 we see that in 
both compounds the low temperature data is composed 
of two relaxing components, one with a much higher re- 
laxation rate than the other. The previous /LtSR study of 
LiNi02 used a stretched exponential Pz{t) oc exp[— (At)*^] 
to describe the asymmetry data^, but this parametriza- 
tion was not able to describe our data for either com- 
pound over the entire measured temperature range. Two 
relaxing components were used by Baker et al.— to de- 
scribe the muon spin relaxation at temperatures just 
above Tn in NaNi02, with the amplitude of the fast re- 
laxing component increasing as Tn was approached. Cou- 
pled with ac susceptibility measurements, this was taken 
to be evidence for coalescing magnetic clusters preceding 
the onset of long range magnetic order. In both of the 
present samples such long range magnetic order never 
sets in. The form of the slower relaxing component in 
each sample is distinguishable, as can be seen in Fig- 
ure [21 and is the same at high and low temperature. We 
can also see that there is a significant difference in the 
proportion of the fast and slow relaxing components of 
the asymmetry between the two samples. This is due to 
a difference in the quasistatic magnetic volume fraction 
(see below) .We now go on to discuss the results from each 
sample in turn. 

Below approximately 11 K, the asymmetry signal in 
quasi-stoichiometric LiNi02 is well described by the func- 
tion: 
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where the exponential component describes the slow re- 
laxing component of the signal and the Gaussian com- 
ponent describes the fast relaxation seen at short times 
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FIG. 3: (Color online) Parameters derived from fitting Eq. [l] 
to the raw positron asymmetry data for quasi-stoichiometric 
LiNi02. (a) Ai and A3 describing the slower relaxing com- 
ponent, (b) CT2 describing the faster relaxing component, (c) 
Amplitudes of the relaxation components Pi and P2. The 
lines are guides to the eye. 



(Figure [2]). It is diflicult to resolve the exact form of the 
fast relaxing component, in either sample, because the 
relaxation rate is so large. 

At low temperature Pi ~ 1/3 and P2 ^ 2/3, which is 
the form expected for the relaxation observed in a pow- 
der sample in the slow fluctuation (quasistatic) limit. 
If the sample exhibited long range magnetic order P2 
would be multiplied by an oscillating function, as seen 
in NaNiOa^^ or AgNi02^2. The ratio of Pi and P2 and 
the lack of muon precession suggests that at low temper- 
ature we have quasistatically disordered magnetic mo- 
ments throughout the sample. The disorder in the mag- 
netic moments prevents the observation of coherent muon 
precession. From the size of the Gaussian relaxation rate 
(ct = 7pAS/\/2) we can estimate that the distribution 
of magnetic flclds is approximately AB ^ 0.5 T. 

It is possible to describe the asymmetry data success- 
bflly with equation [1] up to around 11 K, where we ob- 
serve a sharp crossover to a regime where the muon spin 
relaxation is well described by a single exponential e^^^*, 
typical of paramagnetic spin fluctuations when the fluc- 
tuation rate is fast compared with the width of the mag- 
netic field distribution. The crossover is accompanied 
by a peak in A, seen in Figure [31 associated with the 
slowing down of the electronic fluctuations. Chatterji 
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FIG. 4: (Color online) Parameters derived from fitting Eq. [2] 
to the raw positron asymmetry data for 5 % Mg-doped 
LiNi02. (a) ai describing the slower relaxing component, (b) 
(T2 describing the faster relaxing component, (c) Amplitudes 
of the relaxation components Pi and P2. The lines are guides 
to the eye. 



et al.— found a similar peak in their measured relax- 
ation rate in an applied longitudinal field of 0.6 T, as 
would be expected if the field has decoupled the muon re- 
laxation due to the quasistatic moments. Their zero field 
results2^ show a sharp increase in the relaxation rate of 
the stretched exponential used to parametrize the data 
below 10 K. The magnitude of the relaxation rate found 
at low temperature is similar to the value of (72 we find. 
Parametrizing our data in terms of two separate compo- 
nents (Equation [1]) allows us to separate these contribu- 
tions to the muon relaxation in zero applied field. From 
the magnitude of A3 at high temperature, we can esti- 
mate the electronic fluctuation rate in the paramagnetic 
phase to be T = X3/2-ff^{AB^) = 32 ps. 

In LiMgo.05Nio.95O2 the behavior observed is quite 
similar to the quasi-stoichiometric LiNi02 case. Again 
we see two separate components to the muon spin relax- 
ation at low temperature, but in this sample both com- 
ponents take a Gaussian form. This can be described 
as: 



in this case, as it is also at high temperature. This ap- 
pears to be due to the motional narrowing of the elec- 
tronic fluctuations, which are sufficiently fast to leave the 
muon time window, so that the muon is sensitive to the 
Gaussian distribution of magnetic fields due to randomly 
orientated nuclear dipoles. This is consistent with the 
small and almost temperature independent slow Gaus- 
sian relaxation ci, plotted in Figure Ufa). Below ~ 8 K 
we do not observe a 2 : 1 ratio in the amplitudes of the 
two components, so the slowly fluctuating region of the 
sample is not occupying the full sample volume. From 
the ratio P2 : Pi we can estimate that slowly fluctuat- 
ing moments occupy approximately three-quarters of the 
sample volume. The /zSR measurements suggest that the 
electronic moments in the rest of the sample fluctuate 
sufficiently fast that the slow, temperature-independent 
relaxation is due to the nuclear moments. The mag- 
nitude of (72 is similar to that observed in the quasi- 
stoichiometric sample, so the distribution of magnetic 
fields at the muon stopping site is similar, Ai? ~ 0.5 T. 
From the //SR data we can conclude that Mg-doping 
has a significant effect on the spin dynamics of LiNi02. 
While neither sample shows long-ranged magnetic or- 
der, as the magnetization data confirms (Fig. [T]), the 
low-temperature state is affected by the presence of the 
Mg ions. The quasi-stoichiometric sample shows a sharp 
crossover to a disordered and slowly fluctuating state 
throughout the sample volume below 12 K. This is ac- 
companied by a peak in the relaxation rate Ai, associ- 
ated with the slowing down of electronic fluctuations. 
The 5 % Mg-doped sample enters a similar ground state 
at low temperature, but one that only occupies around 
three-quarters of the sample volume, the remaining part 
fluctuates too fast to be detectable, and only the nuclear 
origin of the muon depolarization is observable. Despite 
the different parametrization, the results of the previous 
fiSR study^^ of Lio.98Ni1.02O2 appear to be intermediate 
between those of our doped and undoped samples. Their 
sample's almost Gaussian high-temperature relaxation is 
quite similar to that in our %5 Mg-doped sample, and 
the magnitude of the low-temperature relaxation rate is 
similar to that of the fast relaxing components observed 
in both of our samples. The 0.6T longitudinal field mea- 
surements give a relaxation rate with a temperature de- 
pendence quite similar to the slow relaxing component 
in our LiNi02 sample. This is in agreement with our 
assignment of the slow relaxing component to fast fiuc- 
tuating moments that would not be decoupled by such 
a field. These comparisons suggest that Chatterji et al's 
sample is likely to have had a slightly higher concentra- 
tion of substitutional defects than our LiNi02 sample, 
but lower than our 5% Mg-doped sample. 
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IV. ESR RESULTS 



where we take cti < a2- We must consider why the slow 
relaxing component is Gaussian rather than exponential 



ESR measurements of magnetic Ni^+ ions were carried 
out over a temperature range of 4 to 200 K and at three 



different frequencies, that is, 210, 314 and 420 GHz, using 
a quasi optical bridge and a 14 T superconducting mag- 
net. A field modulation was used so that the derivative 
of the ESR absorption is recorded (FiglS]). 

In highly correlated systems ESR absorption presents 
a large linewidth; measuring at high frequencies provides 
better resolution and also makes it possible to follow 
magnetic modes up to high magnetic fields. Both the 
quasi-stoichiometric and Mg-doped LiNi02 samples ex- 
hibit a similar ESR response. Three different tempera- 
ture regimes are observed (see Figs. [5][7]). Above about 
100 K, the ESR absorption has a Lorentzian lineshape, 
in particular the recorded derivative spectrum is sym- 
metric and its linewidth remains nearly constant for all 
three frequencies. Below « 100 K, the ESR signal be- 
comes asymmetric and widens with increasing frequency, 
reflecting some kind of anisotropy, crystalline or magnetic 
in origin. This anisotropy increases dramatically as the 
temperature is lowered. This is particularly clear in Fig.lS] 
and [7] where the ESR spectrum total linewidth is plot- 
ted as a function of temperature for the three different 
frequencies. A third temperature regime occurs below 
about 30 K where the linewidth levels off. Note that the 
ESR spectra are always wider in the Mg doped sample 
than in the quasi stoichiometric one. Their lineshapes 
at low temperature differ slightly. We will concentrate 
on the extremal features (peaks PI and P2) which are 
similar in both powdered samples. 
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FIG. 5: (Color online) ESR spectra at 210 GHz for quasi 
stoichiometric and Mg doped LiNi02. 

The question now is to determine the origin of the 
broadening of the ESR signals with temperature. There 
are two possibilities. Either it arises from spin-orbital 



coupling causing an anisotropy of the ^-factor when the 
expected JT effect occurs as observed in NaNi02^, or 
it arises from magnetic excitations when some magnetic 
order is present. Both processes may occur simultane- 
ously. To go further into the analysis, we use a frequency 
(i/)/magnetic field [H] diagram where the extrema of the 
ESR spectra are plotted. This procedure enables us to 
determine the main ESR absorption processes which oc- 
cur in the powdered samples. Using a linear approxima- 
tion, we can calculate the corresponding g-factors from 
the high field slope and the zero field gaps due to mag- 
netic excitations. This approximation is valid at high 
fields (see for instance Ref. IB) -The corresponding fre- 
quency/field diagram and linear fit are shown at 5 K on 
Fig. [6] for quasi stoichiometric LiNi02 and on Fig. [7] for 
Mg doped LiNi02. The light-blue line in the middle is 
the one calculated for the paramagnetic g-factor of free 
electrons (go — 2.003, no gap). This linear procedure 
is then done for several temperatures. As the quality of 
spectra may vary from one frequency to another error 
bars may be wide. Above 100 K, the g-factor is unique 
with the same value for both samples quite close to the 
one derived for the purest LiNi02: g = 2.17^^. While 
spectra are broadening below 100 K, two distinguishable 
branches are observed with different g-factor and zero 
field gap. Below 30 K both g-factors stay almost con- 
stant while the zero field gaps continue to vary, at least 
for Mg doped LiNi02. From this analysis, it is clear that 
two processes occur simultaneously, in both samples: the 
g factor becomes anisotropic and, at the same time, mag- 
netic excitations develop with a significant zero field gap 
for one branch (30-50 GHz at 5K). 

If one assumes a crystallographic origin for the g 
anisotropy, one can calculate the effective (/-factor of the 
spin hamiltonian within perturbation theory applied to 
the symmetry considered^!. For an elongation of the oxy- 
gen octahedra (occupied orbitals \3z'^ ^ f'^)) ■ 



9\\ = 90 



g± = 90 
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whereas for a fiattening of the octahedra (occupied or- 
bitals |3a;2-y2)): 
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where A is the spin-orbit coupling and A^/ the crystal 
field splitting. Since A < for a more than half filled ion 
as Ni^^^, we expect g\^ < g± for elongated octahedra and 
.g|| > g± for flattened octahedra. In a powder spectrum, 
all the orientations are equally probable giving rise to a 
wide spectrum with a particular lineshape for each case. 
It was previously shown that in NaNi02, a powdered 
spectrum with g|| < g± is observed at 200 K while a single 



value oi g is observed in LiNiOj^S . This is confirmed here 
for our LiNi02 sample as well as the Mg doped sample 
above 100 K with the same unique value g = 2.17. 
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FIG. 6; (Color online) ESR spectra parameters for quasi 
ichiometric LiNi02 as a function of temperature. 
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Below ~ 100 K, two different values of g are observed: 
gi = 2.0 and 52 = 2.4. Since 51 is equal to go, as in the 
model with occupied |3z^ — r^)) orbitals, our results are 
slightly in favor of this model. This is the same orbital 
occupancy as in NaNi02^. However, in the orbital sector, 
the Li compounds differs from that in the Na compound 
in at least two ways. First, in NaNi02, there is a ferro- 
orbital ordering (cooperative JT effect) below 480 K lead- 
ing to a monoclinic unit cell. In Li compounds, no long 
range orbital order is observed: the unit cell remains or- 
thorhombic. Second, for the local orbital occupancy, it is 
clear experimentally in NaNi02 that the jz^ — r^) orbitals 
are occupied at low temperature^. In Li compounds, the 
situation is more controversial. An ESR study^'^ suggests 
that a dynamical Jahn- Teller effect exists that becomes 
static with g\\ > g± at low temperature and high mag- 
netic field, which means |3z^ — r^) orbital occupancy. An 
EXAFS study— at room temperature implies the pres- 
ence of elongated oxygen octahedra around the Ni ions, 
in agreement with the |3z^ — r^) orbital occupancy. More 
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(Color online) ESR spectra parameters for Mg doped 
as a function of temperature. 



recently, a neutron diffraction and pair density function 
analysis^ concludes that local orbital order occurs below 



375 K with the \3z'^ 



orbitals organized in trimers 



with no long range order. How can we reconcile all these 
different results? Note first that our ESR spectra are sim- 
ilar to those observed by Barra et al: a single line at high 
temperature and a splitted spectrum at low temperature. 
Our more detailed frequency study shows that the asso- 
ciated g-anisotropy corresponds rather to the |z^ — r^) 
orbital occupancy and that there is also an opening of 
a zero field gap, which reveals the presence of magnons. 
Then our results at low temperature are in agreement 
with the EXAFS and neutron measurements. The sin- 
gle line observed at 200K arises then from an exchange 
or a motional mechanism which narrows the g factor 
anisotropy. For the time scale of the ESR measurements, 
at the highest frequency, the g anisotropy linewidth can 
be evaluated at 1.7 T, which corresponds to a character- 
istic time for the measurement of 20ps. We conclude that 
the electronic fluctuation time is temperature dependent 
with a value smaller than 20ps above lOOK while below 
lOOK, it increases to a value longer than 20ps. From /^SR 
data in the paramagnetic regime, the electronic fluctua- 
tion time is estimated at 32ps for LiNi02 at lOOK; it is 



outside the muon time window for the Mg doped sample 
at 50K. These results are quite consistent with those of 
ESR, assuming that the Mg doped sample has a higher 
fluctuating rate. In EXAFS the time scale of the mea- 
surement is much shorter, typically 10~^^s so that no 
narrowing process is observed at room temperature. As 
for the neutron diffraction measurements in ref**, we do 
not know the time scale of the experiment so we cannot 
conclude further. We propose then the following mecha- 



nism: the electrons occupy the 



orbitals but the 



z axis moves. This mechanism is reduced at low tem- 
perature at the same time when magnetic excitations are 
developing (opening of a zero field gap). 

These magnetic excitations are clearly observed in the 
Mg doped sample as the progressive opening of a gap for 
both extremal branches which follows the sample mag- 
netization (measured at IT). The importance of the gap 
in branch 1 (51 GHz at 4K) rules out an interpretation 
with a ferromagnetic origin, both branches look rather 
like what is observed in an antiferromagnet. However 
no long range magnetic order occurs in this sample as 
seen from the magnetization and muon measurements. 
This means that the time scale on which the sample is 
probed in ESR is sufficiently short to excite collective 
magnons. Looking at the lineshift due to these magnons 
at 5K for instance in LiMgNi02, 50GHz for one branch, 
5 GHz for the other branch, we get a characteristic time 
at 2 X lO^^^s and 2 x 10^^"s respectively. This means 
that the correlation time of the spin fluctuations is longer 
than these values for magnons to be observed in ESR. In 
/iSR, if we assume the same dipolar field created by the 
Ni ions as in NaNi02, a precession at 10~^-10~*s is ex- 
pected if the spin correlation time is longer. This is not 
the case in our samples. 

If we now compare the ESR spectra for each sample, we 
see that they have the same intrinsic line width, around 
0.5 T, as observed with /xSR. The different magnon 
branches are better defined in the Mg sample (the to- 
tal lineshape takes the form of two, quite well separated, 
modes) than in LiNi02 (the lineshape appears more like 
a continuous distribution of modes). This may be re- 
lated to the differences observed in the /xSR data: the 
quasistatic glassy state in LiNi02 gives rise to a large 
distribution of magnetic modes; the different relaxing 
phases in the Mg doped sample may be related to the 
two main magnetic modes observed in ESR: one is as- 
sociated with the g\ value, and has the larger ESR sig- 
nal. It corresponds to the 2/3 statistical weight of the g^ 
contribution in a powder. It gives the quasistatic signal 
in /iSR. The second one is associated with the ^2 value 
and corresponds to the 1/3 g\\ contribution. It fiuctu- 
ates two quickly to give a contribution in /iSR. At high 
temperature, the spins in the parallel and perpendicular 
directions are coupled via an exchange mechanism which 
narrows the ESR line and, at the same time, pushes the 
spin fiuctuation rate outside de /xSR time window. In 



LiNi02, this same exchange mechanism occurs at high 
temperature, although probably at a slower rate since 
the spin contribution is visible in /xSR. At low tempera- 
ture, the quasi static state concerns the whole sample as 
seen in /zSR. 



V. CONCLUSION 

In conclusion, we have studied a Mg doped LiNi02 
sample without interplane Ni ions compared it to a quasi 
stoichiometric LiNi02 sample. Both the magnetization 
and /xSR data clearly show that the samples do not un- 
dergo a transition to long-ranged magnetic order while 
the ESR data demonstrate the presence of magnetic exci- 
tations with a correlation time longer than 10^^^-10^^°s. 
This low-temperature state does, however, change with 
Mg-doping. In our quasi-stoichiometric LiNi02 sample a 
disordered, slowly fluctuating state develops in the whole 
sample volume below 12 K. The corresponding antifer- 
romagnetic magnons excited in ESR have a large fre- 
quency distribution with a complex temperature depen- 
dence. Mg-doping leads to faster electronic fluctuations 
and smaller slowly fluctuating volume for /iSR. The anti- 
ferromagnetic magnons in ESR are better defined and the 
largest spin gap follows the macroscopic magnetization. 
In the low temperate state, both compounds present an 
anisotropy of the g factor in agreement with the |z^ — r^) 
orbital occupancy with g\\ = 2.0and g± = 2.4. A mo- 
tional narrowing process occurs at the same time when 
the magnetic excitations disappear, independent of the 
Mg doping. From this study, it is clear that interplane 
Ni ions alter the magnetic properties of LiNi02 but its 
removal and replacement by Mg is not sufficient to allow 
the establishment of long range magnetic order. In addi- 
tion, we have shown that both compounds have a single 
orbital occupancy, as in NaNi02, but an exchange mech- 
anism correlated with the magnetic interactions produces 
dynamical effects above lOOK. 
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